Abstract-The steam curing process is being applied to produce precast concrete to accelerate production cycle. A prediction of initial strength is required to determine optimized production cycle and provide economical mix proportions. As for this, the strength estimate by the Maturity method is being used widely so far. However, this method is pointed that the accuracy of the estimated strength of the concrete which has been steam cured is low. This is one of the problems on the precast concrete production. In this study, the relationship between initial strength at early age and effective material age calculated by Maturity method and Arrhenius's law was evaluated. As a result, it showed a higher estimation accuracy of the Arrhenius's law than the Maturity method. However, the accuracy of the prediction was different in each condition such as cement type, water-cement ratio, and steam curing temperature and material age.
I. INTRODUCTION
The steam curing for precast concrete products often produce a lot of them in a short period of time [1] - [4] . The precast concrete product is managed in a factory and is made in good environment. Usually, the formwork of its production is once in a day. However, there are some cases which use the formwork twice a day to improve productivity. When using mold twice a day, it needs a steam curing at high temperature. Then, remove the mold at early age. And, it is necessary to predict strength of concrete at early age when it is demolded. In general, the Maturity method has been used for the strength prediction formula. To predict the initial strength of precast concrete products that are produced at the factory, it makes possible to determine removal time of the mold. In addition, strength prediction is important for the improvement of quality, safety and productivity.
Strength of concrete tends to increase with the material age and it also has high relation with the curing temperature. In addition, the reference temperature of the Maturity method is -10 ℃ in Japan. However, there are some reports that -10 ℃ Manuscript received December 5, 2016 ; revised April 1, 2017. Nozomi Nakajima is with Tokai University of Civil Engineering, Japan (e-mail: hayabusa_ripobitann_0613@yahoo.co.jp)
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is not appropriate for the strength prediction of precast concrete products in early age. And it is also reported that to correct the initial material age is necessary in other references [5] . Strength development of the concrete depends on the curing temperature and curing time. Generally, in same mix proportion of the concrete, it is widely thought that the equivalent total Maturity value shows same compressive strength even in different maximum temperature. However, difference of the cement type is not concerned. If the cement type and curing temperature changes, hydration reaction rate will be different too. So, strength expression is also different. There is another formula called Arrhenius's law which represent compressive strength of concrete. Generally, ordinal chemical reaction rate depends on temperature of environment. Arrhenius's law represents the dependency of chemical reaction rate for temperature. In this case, Arrhenius's law is applied assuming the hydrating reaction of cement is kind of chemical reaction which its rate depends on temperature of environment. Thus, Maturity method and Arrhenius`s law have some formulas to calculate time (effective material age) which predict the predetermined strength expression of cementitious material [6] .
In general, Maturity method is more popular for the prediction of strength expression than Arrhenius`s law. In many reports the Maturity method has been used to predict strength expression of concrete in early age. Especially study about prediction of strength expression of concrete under various temperature and concrete which received temperature history are reported with Maturity method in many cases. [7] , [8] . However, there are no reports about the Maturity method for the concrete under the steam curing and prediction of strength expression using Arrhenius`s law [9] - [12] .
Typically, it is thought that there is no difference of time to achieve equivalent compressive strength between formula of Maturity method and Arrhenius`s law. However, there are no reports and researches which proved difference between two of them comparatively so far. For example, relation between material age and compressive strength under various curing temperature of steam curing and so on.
In this study, the relation between curing time and compressive strength for the strength development time of both Arrhenius`s law and Maturity method were evaluated. Three patterns of curing condition and three kinds of cement were used. Table I . shows materials used in this study. 3 kinds of cement such as Ordinary Portland cement (here in after "N"), High early strength Portland cement (here in after "H"), Blast furnace slag cement type B (here in after "BB") were used. River sand from Yamakita city Kanagawa (here in after "S") was used for fine aggregate. Poly-carboxylic acid-based high-performance AE water reducing agent was used for chemical admixture. Table II shows mix proportions of fresh mortar. The value of unit water was set as 255kg/m³ which suppose the unit water of normal strength concrete (i.e. W=160kg/m³ ). 30%, 40%, 50% of water cement issue were set for each type of cement. Dosage of admixture was determined to achieve 150 to 200mm of flow value of fresh mortar. The combinations of the experiment are shown in Table III . Two or three patterns of steam curing temperature were set for each mix proportions, totally 21 patterns of combination were evaluated in this study. 
II. EXPERIMENTAL PROCEDURES

A. Materials
B. Mix Proportions
III. OUTLINE OF EXPERIMENT
A. The Combination of Curing Condition
Before mixing, fine aggregate and cement were kept at predetermined temperature same as curing temperature. Further, since the curing temperature is constant, temperature 
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B. Test Items
Compressive strength was mainly measured in this experiment using specimens which sized φ50×100. Table IV shows the material age of specimen for each different curing temperature for compressive test. Using the Maturity method, which is commonly known as a prediction formula of strength expression. In this study using the Maturity method, evaluation was made for compressive strength in short term material age from the initial material age of mortar under steam curing [13] , [14] . 
C. Prediction Method of Strength Development 1) Effective material age formula based on the Maturity method
D. Effective Material Age
Effective material age is believed to be useful for evaluating the mechanical characteristics of the hardened cement body subjected to Non-steady-state temperature history. The generally effective material age, the influence of the curing temperature on the hydration reaction shows a material age converted to curing temperature is degree of hydration equivalent to the time of 20 ° C.
In this study, it was evaluated for effective material age applicability with an effective material age (te), which has already been proposed. The following shows the existing valid material age calculation formula.
1) Effective material age formula (1)
Effective material age formula (1) is a rule of thumb that is calculated based on a Maturity method by the constant for values of the accumulated temperature method. So, effective material age formula (1) and Maturity method is the same trend. Therefore, consideration of a Maturity-method in this study will be omitted and it was decided to consider as a representative of the effective material age (1) formula shown in (2) formula. 2) 2) The effective material age formula (2) The formula of effective material age (2) have a relationship to the temperature dependence of the hydration reaction of concrete. It is also expressed per Arrhenius`s law.
However, for the calculation of activation energy (Uh), it has been some reports various studies, including the experimental study to until now. (3) Formula is calculated, crack control guidelines Standard Specification for Concrete Structures and mass concrete, and the formula in consideration of practicality adopted in fib Model Code2010, derived by assuming an activation energy 33kJ /mol it is an expression [15] - [17] . 
IV. RESULTS AND DISCUSSION
A. Compressive Strength Results
Relation between material age and compressive strength of each different cement is shown in Fig. 1, Fig. 2, and Fig. 3 . Compressive strength of mortar showed larger strength in higher curing temperature on all types of cement. Focusing on strength enhancement ratio, mortar which cured in lower temperature showed smaller strength enhancement ratio. It will be possible mortar which cured in low temperature to reach to equivalent compressive strength as high temperature cured mortar after a long time. Then focusing on type of cement, H cement showed the largest compressive strength and BB cement showed the lowest compressive strength, also lower water cement ratio showed larger strength for equivalent material age as same as normal curing.
C. General Versatility of the Effective Material Age Calculation Formula of Strength Estimation
An effective material age formula (1) of accumulated temperature method and the Arrhenius law effective material age formula (2) of effective material age and compressive strength, which is calculated from the type relationship shown in Fig. 4 to Fig. 6 . Maturity method and the Arrhenius law is not the difference between the effective material age of 20 ℃ curing because they both set the reference temperature and 20 ℃. The real strength at 20 ℃, to calculate the effective material age from the Maturity methodσ=a*logTe+b and the Arrhenius law to create a regression line (σ = alogTe + b). In data obtained at the reference temperature 20 ℃ to calculate the σ = alogTe + b equation in the case the temperature is the same even when the effective material age will change the measured value is overlapped on the regression line. In addition, if the temperature is different to modify the effective material age on the basis of the effective material age formula. At that time, when substituting the effective material age to σ = alogTe + b estimated strength was corrected for the case where the temperature is different is close to the measured value, the scope of application of the effective material age equation it can be seen that wide. Furthermore, the scope of application of the effective material age equation for the case of the estrangement between the actual measurement value is large, it can be seen that can be applied narrowly only constant temperature. Therefore, the closer to the regression line of reference temperature 20 ℃, and other high precision of estimated strength than the curing temperature, it can be International Journal of Engineering and Technology, Vol. 9, No. 6, December 2017 said that there is a high versatility.
When comparing the results of the Maturity method and the Arrhenius law, Maturity-method in all cases is away from the regression line, and result obtained by the Arrhenius law has become a result close to the regression line. Therefore, Arrhenius law can be said to higher general versatility than the Maturity method. In addition, focus on the Early Age of Fig. 4 to Fig. 6 . Early Age Point is a large estrangement from the regression line, estrangement from the regressionline is small in the long-term material age. It can be seen that the estimation accuracy is not fit even in the Arrhenius law at the young age material from the above.
Next, let us focus on W / C and Arrhenius law. According to the value of W / C increases, the result of the Arrhenius law is away from the regression line. It can be said versatility is low greatly when the value of W / C is increase. Since in the type of cement away from the regression line in the High early strength cement> Ordinary Portland cement > Blast slag type B of order of things, the estimation accuracy of the strength can be said to be low compared to other cement of Fig. 4 to 12.
D. Accuracy of Estimation for Compressive Strength
Through all results, estimated strength becomes higher than measured compressive strength when the stream curing temperature was higher, that means kind of overestimating of performance. On the other hand, estimated strength becomes smaller than measured compressive strength when the steam curing temperature was lower in this time.
V. CONCLUSION
In this study, the effects of curing temperature on the Maturity method and Arrhenius's law were investigated compatibility between the accumulated temperature and effective material age. What we obtained through this research are below.
1) For the accuracy of estimation through Maturity method and Arrhenius`s law, the Arrhenius`s law showed higher accuracy than Maturity method to predict compressive strength of mortar.
2) The accuracy of estimation accuracy for compressive strength based on effective material age, focusing on type of cement, H cement showed the largest estimation accuracy of compressive strength, and BB cement showed lowest estimation accuracy on compressive strength. Especially, it showed higher estimation accuracy when the material age got longer. 3) In the case of higher water cement ratio, the estimation accuracy of compressive strength got lower in each temperature of steam curing. 4) On the strength estimation based on effective material age, the estimation accuracy got worth when the curing temperature got leaves largely from 20℃. This time, data which measured was not fully completed. It is usual to apply steam curing at higher temperature than this study such as 60℃ at factory. For future study, it has already been planned to evaluate performance and relation between effective material age and compressive strength of mortar and concrete which received steam curing at high temperature such as 60℃. On the other hand, it also should be known about the case which curing temperature was extremely low such as 10℃. ACKNOWLEDGMENT This research was supported by the Tsurumi Concrete corporation and BASF Japan Ltd.
